In this communication, an attempt has been made to evaluate the performance of hybrid modified micro-channel solar cell thermal (MCSCT) tile. Based on energy balance of each component of modified MCSCT tile, analytical expressions for the different parameters of modified MCSCT tiles connected in series have been derived. An attempt has also been made to validate the thermal model with experimental results of prototype of modified micro-channel solar cell thermal tile in indoor condition for New Delhi. An indoor test setup and modified micro-channel solar cell thermal (MCSCT) tile has been developed for experimental purpose. Performance evaluation of modified micro-channel solar cell thermal tile over different intensities has been studied. It has been observed that the thermal and electrical efficiency of the modified micro-channel solar cell thermal tile are 35.7 % and 12.4 %, respectively. On the basis of numerical computation, overall energy and exergy analysis have also been carried out.
Introduction
The temperature of solar cell is increased by the absorbed solar radiation that is not converted into electricity, causing a decrease in their electrical efficiency. For mono crystalline (c-Si) and polycrystalline (pc-Si) silicon solar cells, the efficiency decreases by about 0.45% for every degree rise in temperature. For amorphous silicon (a-Si) cells, the effect is less, with a decrease of about 0.25% per degree rise in temperature depending on the solar cell design. This undesirable effect can be partially avoided by a proper heat extraction with a fluid circulation. In hybrid photovoltaic thermal (PVT) solar systems, the reduction of PV module temperature can be combined with useful fluid heating. Therefore, hybrid PVT systems can simultaneously provide electrical and thermal energy, achieving a higher energy conversion rate of the absorbed solar radiation. These systems consist of PV modules coupled to heat extraction devices in which air or water of lower temperature than that of the PV modules is heated, while at the same time, the PV module temperature is reduced. In PVT system applications, the production of electricity is the main priority, and therefore, it is necessary to operate the PV modules at low temperature in order to keep the solar cell electrical efficiency at a sufficient level. PVT systems provide a higher energy output than standard PV modules and could be cost effective if the additional cost of the thermal unit is low. Several designs of hybrid PVT solar air heater had been proposed in the past. Among the first, Kern and Russel (1978) have given the main concept of photovoltaic thermal collector using water or air as the working fluid and they found that the hybrid collector system are attractive in small buildings that have substantial heating loads. Cox and Raghuraman (1985) have studied air type hybrid PVT system and made use of computer simulation to optimize the design of flat plate PVT solar air collector in order to increase the solar absorption and reducing the infrared emittance. Bhargava et al. (1991) and Prakash (1994) have studied the effect of air mass flow rate, air channel depth, length and fraction of absorber plate area covered by solar cells on single pass air heater. They concluded that the solar cell efficiency was marginally improved while an average thermal efficiency of about 50-70% for water heating and 17-51% for air heating was obtained. Garg et al. (1994) have done experimental study on a hybrid photovoltaic thermal solar water heater and they found that the thermal and electrical efficiencies of the hybrid solar water heater are 33.5 and 3.35%, respectively.
A double pass photovoltaic thermal solar collector for solar drying applications has been developed and tested by Sopian et al. (2000) and they concluded that both thermal and electrical energies are produced simultaneously and in addition, the packing factor or the area fraction covered by photovoltaic cells can be adjusted according to the requirement for electrical energy. Garg and Adhikari (1997) developed a computer simulation model for predicting the transient performance of PVT air heating collector with single and double glass configurations and they concluded that that the system efficiency increases with increase in collector length, mass flow rate and cell density, and decreases with increase in duct depth for both configurations. An extensive investigation of the thermal, electrical, hydraulic and overall performances of flat plate photovoltaic thermal (PVT) air collectors has been made by Hagazy (2000) and it has been observed that the flow channel (depth of channel/length of channel) ratio is an important design parameter which influence the performance of PVT air collectors. Kalogirou (2001) has carried out monthly performance of an unglazed hybrid PVT system under forced mode of operation for climatic condition of Cyprus and it has been found that the hybrid system increases the mean annual efficiency of the PV solar system from 2.8% to 7.7% and in addition covers 49% of the hot water needs of a house, thus increasing the mean annual efficiency of the system to 31.7%.
Thermal modeling of building integrated photovoltaic system has been presented by Lee et al.(2001) and they have given interesting modeling results on air cooled PV modules. have validated the theoretical and experimental results for photovoltaic (PV) module integrated with air duct for composite climate of India and they concluded that an overall thermal efficiency of PVT system is significantly increased due to utilization of thermal energy from PV module. Annual performance of building integrated photovoltaic water -heating system for Hongkong climate has been presented by chow et al.(2003) and they have observed that annual thermal and cell conversion efficiencies are 37.5% and 9.39%, respectively. An experimental study on energy generation with a photovoltaic (PV) solar thermal hybrid system has been done Erdil et al. (2008) and they concluded that the loss in the electrical energy generation is well offset by a large gain, Q w , in thermal energy that is collected by the circulating water. Chow (2010) has reviewed the trend of development of the hybrid photovoltaic thermal solar technology, in particular the advancements in recent years and the future work required.
Energy and exergy analysis of photovoltaic-thermal collector with and without glass cover has been discussed by Chow et al. (2009) and they concluded that from the first law point of view, a glazed PVT system is found always suitable if we are to maximize the quantity of either the thermal or the overall energy output. From the exergy analysis point of view however, the increase of PV cell efficiency, packing factor, water mass to collector area ratio, and wind velocity are found favorable to go for an unglazed system, whereas the increase of on-site solar radiation and ambient temperature are favorable for a glazed system. Nayak and Tiwari (2008) have made exergy analysis of integrated photovoltaic thermal (IPVT) water heater under constant flow rate and they observed that an overall exergy and thermal efficiency of IPVT is maximum at the hot water withdrawal flow rate of 0.006 kg/s. Exergy analysis of integrated photovoltaic thermal solar (IPVTS) water heater under constant flow rate and constant collection temperature modes has been done by Tiwari et al. (2009) and they observed that the daily overall thermal efficiency of IPVTS system increases with increase constant flow rate and decrease with increase of constant collection temperature. Performance analysis of a hybrid photovoltaic-thermal integrated system has also been done by Radziemska (2009) who presented the concept of exergy analysis for evaluation of the PVT systems which is very useful tools for the improvement and cost-effectiveness of the system. The performance in terms of overall annual thermal , exergy gain and exergy efficiency of proposed micro-channel photovoltaic thermal module have been evaluated by Agrawal and Tiwari (2011) and they concluded that proposed hybrid micro-channel photovoltaic thermal module gives better results than single channel photovoltaic thermal module of Dubey et al. (2006) .
The main objective of this paper is to study on single modified solar cell thermal tile having micro-channel to see the effect of intensity on overall performance of modified micro-channel solar cell thermal tile because till now large area of channel or duct based photovoltaic thermal system has been found in literature. An attempt has been done to design modified microchannel solar cell thermal tile with experimental setup and its performance over different intensity in indoor conditions have been examined.
Experimental setup

Modified Micro-channel solar cell thermal tile:
The present study has been carried out on single modified micro-channel solar cell thermal (MCSCT) tile. The MCSCT tile consists of a single solar cell (mono crystalline silicon), rated at 2.2 Wp having dimensions 0.12 m length and 0.12 m width has been considered and it has been mounted on a rectangular wooden channel. The channel has dimensions 0.12 m length, 0.12 m width and 5000 µm depth. The wooden channel has been sealed with putty and adhesive tape to avoid air leakage. There is provision of inlet and outlet air to flow through the micro-channel. Air flow pattern of modified micro-channel solar cell thermal tile has been shown in Figure. 1(a). The MCSCT tile has been placed on a mild steel platform of solar simulator with a mechanism for up and down movement for varying the light intensity. A DC fan of 6.0 V and 0.1A has been used to circulation of the air through the channel. Figure. 1(a). Air flow pattern over elementary area bdx of modified micro-channel solar cell thermal (MCSCT).
Solar simulator
A solar simulator ( Figure. 1(b) )with a 3-phase lamp array is employed to imitate the necessary solar irradiation in the testing of micro-channel solar cell thermal tile. The solar simulator has 28 tungsten halogen lamps (Philips manufactured; Model: 392472) each having 500W, 9000 lumens and rated at 240V and 11A. The halogen lamps are arranged in 7 × 4 matrices for uniform distribution of irradiance on the MCSCT tile. 
Thermal modeling of modified micro-channel solar cell thermal tile
To write the energy balance equation of modified micro-channel solar cell thermal (MCSCT) tile, the following assumptions have been made: *One dimensional heat-conduction is good approximation for present study. *There is no temperature gradient along the thickness of MCSCT tile. 
From Equation (1), the expression for cell temperature is 
Solving Equation (2) and Equation (4) with boundary condition at x=0, T f = T fi ; one gets ( )
At, x=L, T f =T fo , the outlet air temperature of modified micro-channel solar cell thermal tile, is ( )
The average air temperature over the length of air channel below micro-channel solar cell thermal tile as obtained with help of
For a number of modified MCSCT tiles connected in series, the outlet temperature of first MCSCT tile will be the inlet for second MCSCT tile, the outlet temperature of second MCSCT tile will be the inlet for the third and so on. Hence, for a system of N number of MCSCT tiles connected in series, the outlet air temperature from N th MCSCT tile can be expressed in terms of first MCSCT tile. The outlet air temperature of N number of modified micro-channel solar cell thermal tiles connected in series is derived as ( )
The rate of useful thermal energy obtained for n pv row of MCSCT tile connected in series is derived as ( )
Instantaneous thermal efficiency
An instantaneous thermal efficiency of hybrid micro-channel solar cell thermal tile can be obtained as, Duffie and Beckman (24) and Tiwari (25) 
Electrical efficiency
Experimental efficiency of MCSCT tile can be calculated as ( )
where fill factor (FF) is measure of sharpness of the I-V curve. It indicates how well a junction was made in the cell and how low is the series resistance. It can be lowered by the presence of series resistance and tends to be higher whenever the open circuit voltage is high.
Energy Analysis
The energy analysis is based on the first law of thermodynamics, and the expression for overall thermal gain can be defined as, where, cpower η is the electric power generation efficiency conversion factor of a conventional power plant for India. This is so because electrical energy is a high-grade form of energy which is required for operation of DC motor. This electrical energy has been converted to equivalent thermal by using electric power generation efficiency conversion factor as 0.20-0.40 for a conventional power plant, Huang et al. (26) and it depends on quality of coal. Usual value of this factor is taken as 0.38 for conversion.
Exergy Analysis
. The exergy analysis is based on the second law of thermodynamics, which includes accounting the total exergy inflow, exergy outflow and exergy destructed from the system. . , 273 1 273
( 1 6 ) where, A is area of module and T s is the sun temperature in Kelvin.
Statistical analysis
To compare the theoretical and experimental results, the correlation coefficient (r) and root mean square percent deviation (e) have been evaluated by using the following expression: 
Results and Discussions
In a series of experiments conducted, data have been recorded for different intensities for comparative evaluation on single modified micro-channel solar cell thermal (MCSCT) tile. Theoretical value of cell temperature of modified MCSCT tile has been computed from equation.(2) using MATLAB 7.0 at solar radiation (700 W/m 2 ), constant mass flow rate(0.000145 kg/s) and T fi =38 0 C. The variation of cell temperature with respect to time of single modified MCSCT tile for theoretical and experimental results has been shown in Figure. Figure. 4 shows the time variation of cell temperature and electrical efficiency at different intensities 600 W/m 2, 700 W/m 2 and 800 W/m 2 respectively. It has been found that as intensity increases, electrical efficiency decreases because of rise in cell temperature and this result is in accordance with result reported by earlier researchers, Zondag et al.(2002) . It has also been observed that electrical efficiency for this MCSCT tile in the range of 13.5 % to 11.3 % at 800 W/m 2 .Equation. (9) has been used for calculating rate of thermal gain for MCSCT tile and using this data in equation. (11), thermal efficiency has been calculated . Fig. 5 shows the time variation of outlet temperature and thermal efficiency at different intensities 600 W/m 2, 700 W/m 2 and 800 W/m 2 respectively. It has been found that as intensity increases, outlet temperature of MCSCT tile also increases and due to increase in outlet temperature , thermal efficiency is increased because inlet temperature T fi =38 0 C is maintained constant. It has also been observed that as there is increase in duration of time, outlet air temperature also increased and approaches the steady state condition after approximately two hours because of thermal capacity of MCSCT tile. The maximum outlet air temperature 86.6 0 C and thermal efficiency 35.7 % were observed at 800 W/m 2 at steady state for single MCSCT tile. It has been observed that electrical power decreases as time increases because temperature of MCSCT tile goes on increase as time increase on the basis of this one can conclude that if fan were not installed there were more decrement in electrical power .One interesting result has also been observed that there is decrement in electrical power from 1.61 W to 1.46 W at intensity 600 W/m 2 and from 2.16 W to 1.51 W at intensity 800 W/m 2 for the same duration i.e. two hour and same mass flow rate. On the basis of this result it is concluded that more electrical power is generated at higher intensity but there is more drop of electrical power with respect to time at higher intensity. Hourly variation of thermal gain at various intensities has been shown in Figure. 7. It has been seen that 27.5 % more thermal gain is achieved at 800 W/m 2 with respect to 600 W/m 2 at steady state. It can be seen that increase in time duration will increase in the thermal output while decrease in the electrical efficiency. Experimental results shows that increase in intensity will increase the thermal output. It has been observed that increase in intensity will increase the overall thermal energy for MCSCT tile. It is seen that 7.3 % more overall thermal energy is achieved when experiment is done at 700 W/m 2 as compare to 600 W/m 2 but when experiment is done at 800 W/m 2 then increment in overall thermal energy is 21.1 % as compare to 700 W/m 2 it is due to more thermal gain is achieved at 800 W/m 2 and electrical power is more unless same at all intensities at steady state. Similarly trends have been experienced for overall exergy for the MCSCT tile as shown in Figure. 
Conclusions
The following conclusions have been drawn
• The thermal and electrical efficiency are 35.7 % and 12.4 % respectively for single MCSCT tile.
• This new present setup would have beneficial effect of permitting much less expensive installation for testing and development. Hence the test procedure can be used by manufacturers for testing of different type of PV tiles and combination of PV tiles in order to optimize its products for better efficiency 
Appendix
In modeling equations, we used following relations for defining the design parameters, which are shown in Table 1 
